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HIGH-PRESSURE FLUID-JET CUTTING DEVICE AND METHOD WITH 
ABRASIVE REMOVAL SYSTEM 

TECHNICAL FIELD 

The present invention relates to fluid-jet cutting devices and 
5 methods, and more particularly to such devices including an abrasive removal 
system. 

BACKGROUND OF THE INVENTION 

Fluid-jet cutting devices are often used to cut metal parts, fiber- 
cement siding, stone and many other materials. A typical fluid-jet cutting 

10 machine has a high-pressure pump to provide a high-pressure fluid source, and a 
nozzle is coupled to the high-pressure fluid source to generate a cutting-jet from 
the nozzle. The nozzle is also attached to a carrier assembly that moves the 
nozzle along a desired cutting path, and a catch tank is aligned with the nozzle 
throughout the cutting path. An abrasive particle source may be coupled to the 

15 nozzle to impart abrasive particles to the cutting-jet. The fluid is typically water, 
and the abrasive particles are typically garnet. 

In operation of such a fluid-jet cutting machine, a work-piece is 
positioned between the nozzle and the catch tank. The carrier assembly moves 
the nozzle along the cutting path, and the high-pressure fluid source and abrasive 

20 particle source generate an abrasive cutting-jet projecting from the nozzle. As 
the cutting-jet passes through the work-piece, the catch tank receives the 
wastewater and abrasive particles of the spent cutting-jet. The abrasive particles 
generally accumulate in the catch tank, and the waste water generally flows out 
of the catch tank. 

25 One concern with fluid-jet cutting systems is that the abrasive 

particles must be removed from the catch tank. The devices and methods for 
removing abrasive particles from catch tanks typically depend upon the size of 
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the catch tanks. In general, small catch tanks are typically less than 2' x 4', and 
large catch tanks are typically greater than 4' x 8'. 

Conventional techniques for removing abrasive particles from 
small catch tanks generally allow the wastewater to simply overflow the small 
5 catch tanks. Although a portion of the abrasive particles are removed from small 
catch tanks with the overflowing wastewater, abrasive particles still accumulate 
in small catch tanks. The remaining abrasive particles are typically removed 
from small catch tanks by: (1) stopping the cutting-jet to allow the abrasive 
particles to settle; and (2) shoveling or dumping the abrasive particles from the 
10 catch tank. 

One problem with conventional techniques for removing abrasive 
particles from small catch tanks is that the cutting machine must be shut down 
for a period of time to allow the abrasive particles to settle. Removing abrasive 
particles from small catch tanks may accordingly result in a significant amount of 

15 down-time in a cutting operation. Another problem with removing abrasive 
particles from small catch tanks is that it is inconvenient and labor intensive to 
shovel or dump the abrasive particles from the tanks. Therefore, removing 
abrasive particles from small catch tanks reduces the efficiency and productivity 
of fluid-jet cutting processes. 

20 Conventional techniques for removing abrasive particles from large 

catch tanks are different than those for small catch tanks. One conventional 
abrasive removal system for large catch tanks is a conveyor rake that moves 
across the bottom of a large catch tank and up a discharge side of the tank. To 
most effectively operate a conveyor rake, the abrasive particles must settle to the 

25 bottom of the tank. The conveyor then carries the abrasive particles from the 
bottom of the tank and over the discharge side of the tank. One potential 
problem with conveyor rakes, therefore, is that they may need to be operated 
when the cutting-jet is shut down causing down-time. Another problem with 
conveyor rakes is that they may be cut by the cutting-jet during the cutting 
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process if the cutting-jet passes over the portion of the conveyor rake at the 
discharge side of the catch tank. Additionally, conveyor rake removal systems 
may be relatively expensive units with many moving components that may fail 
after extended use. Thus, conveyor rake systems for removing abrasive particles 
5 from large catch tanks have several drawbacks. 

Another conventional system for removing abrasive particles from 
large catch tanks is a continuous centrifugal system that has a large pump in the 
catch tank and a centrifugal separator outside of the catch tank. The large pump 
agitates the wastewater to suspend the abrasive particles in the catch tank. The 
10 wastewater and the suspended abrasive particles are then pumped to a centrifuge, 
such as a hydrocyclone separator, to separate the abrasive particles from the 
wastewater. One drawback of this device is that large, expensive pumps are 
required to maintain the abrasive particles in suspension in the wastewater. 
Another drawback of this abrasive removal system is that a significant amount of 
15 energy is required to operate such large pumps. Additionally, hydrocyclone 
separators are also relatively costly devices that require additional resources to 
operate and maintain. Thus, centrifugal removal systems also have several 
drawbacks. 

SUMMARY OF THE INVENTION 

20 The invention is generally directed toward fluid jet-cutting 

machines and abrasive particle removal devices. In one embodiment, a fluid-jet 
cutting machine has a nozzle and a carrier assembly that moves the nozzle along 
a cutting path. A high-pressure fluid source and an abrasive particle source are 
coupled to the nozzle to generate an abrasive cutting-jet having a fluid and a 

25 plurality of abrasive particles. In general, the fluid can be water and the abrasive 
particles can be composed of garnet. 

The cutting machine also has a particle removal device including a 
tank aligned with the nozzle, a settling container, and a fluid transport 


mechanism to transport fluid from the tank to the settling container. The tank 
includes at least one compartment configured to receive the fluid and the 
abrasive particles of the cutting-jet along at least a portion of the cutting path. 
Additionally, the compartment is configured to control fluid flow within the tank 
so that the cutting-jet continuously suspends at least a substantial portion of the 
abrasive particles in the one compartment without additional mechanical 
agitation. The compartment itself, for example, can be sized and/or shaped so 
that^ jetenergy alone maintains the abrasive particles in suspension. The fluid 
transport mechanism can include a conduit with a first end in fluid 
communication with the compartment and a second end outside of the 
compartment in fluid communication with the settling container. 

In operation, a portion of the fluid with suspended abrasive 
particles in the compartment is transported through the conduit and into the 
settling container. For example, a fluid drive system may be coupled to the 
conduit to draw fluid from the compartment and through the conduit. The 
abrasive particles from the transported portion of fluid settle to a lower portion of 
the settling container while a clarified fluid is removed from the settling 
container. The clarified fluid may also be pumped back to the catch tank. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic isometric view of a fluid-jet cutting 
machine with a cut-away view of one embodiment of an abrasive particle 
removal system. 

Figure 2 is a partial cross-sectional view of the abrasive removal 
system of the fluid-jet cutting machine shown in Figure 1. 

Figure 3 is a partial cross-sectional view of another embodiment of 
an abrasive particle removal system for a fluid-jet cutting machine. 

Figure 4 is a partial cross-sectional view of another embodiment of 
an abrasive particle removal system for a fluid-jet cutting machine. 


Figure 5 is a partial cross-sectional view of another embodiment of 
an abrasive particle removal system for a fluid-jet cutting machine. 

Figure 6 is a partial cross-sectional view of another embodiment of 
an abrasive particle removal system for a fluid-jet cutting machine. 

Figure 7 is a schematic isometric view of another fluid-jet cutting 
machine with a cut-away view of another embodiment of an abrasive particle 
removal system. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed toward devices and methods for 
removing abrasive particles from fluid-jet cutting machines. Many specific 
details of certain embodiments of the invention are set forth in the following 
description and in Figures 1-7 to provide a thorough understanding of such 
embodiments. One skilled in the art, however, will understand that the present 
invention may have additional embodiments, or that the invention may be 
practiced without several of the details described in the following description. 

Figure 1 is a schematic isometric view of a fluid-jet cutting 
machine 10. In this embodiment, the cutting machine 10 includes a cutting head 
20 with a carrier assembly 21 and a nozzle 22 attached to the carrier assembly 
20. A high-pressure fluid source 24 and an abrasive particle source 26 are 
coupled to the nozzle 22 to generate an abrasive cutting-jet 28 projecting from 
the nozzle 22. Additionally, the cutting machine 10 also includes a work-piece 
support structure 30 with a number of support members or beams 32 attached to 
a frame 33. In operation, the carrier assembly 21 moves the nozzle 22 along 
desired X-Y coordinates (arrows M) to move the cutting-jet 28 along a desired 
cutting path P with respect to a work-piece W. One suitable cutting head 20 is 
the Bengal 4x4 and Paser 3 System manufactured by Flow International 
Corporation of Kent, Washington. 
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The cutting machine 10 also includes an abrasive particle removal 
system 40. In one embodiment, the abrasive particle removing system 40 has a 
catch tank 42 under the support structure 30, a fluid transport mechanism 44 in 
the catch tank 42, and a settling container 46 coupled to the fluid transport 
5 mechanism 44. As described in greater detail below, the abrasive particle 
removal system 40 continuously removes abrasive particles from the catch tank 
42 without using mechanical agitators to suspend the abrasive particles in the 
waste fluid. 

The catch tank 42 preferably has a bottom panel 50, first and 
10 second side-walls 51a and 51b projecting upward from opposing sides of the 
bottom panel 50, and first and second end- walls 51c and 5 Id projecting upward 
from opposing ends of the bottom panel 50. The first and second side- walls 51a 
and 51b are attached to the first and second end-walls 51c and 5 Id to form a 
large cavity. The catch tank 42 also includes a central divider 52 extending 
15 longitudinally within the tank 42, and a plurality of crossing dividers 54 
extending transverse to the central divider 52. The dividers 52 and 54 define a 
plurality of compartments 56 (identified by reference numbers 56a-56f) in the 
tank 42. 

The compartments 56 receive the waste-fluid 12 and the abrasive 
20 particles of the cutting-jet 28. Additionally, each compartment 56 is configured 
to control the fluid flow within the tank 42. For example, when the cutting-jet 28 
is aligned with compartment 56b, the dividers 52 and 54 .defining this 
compartment control the fluid flow such that the cutting-jet 28 alone suspends a 
significant portion of the abrasive particles in the waste-fiuid 12. As such, by 
25 dividing the tank 42 into smaller compartments 56, the cutting-jet 28 maintains at 
least a substantial portion of the abrasive particles in suspension in the waste- 
fluid 12 within a particular compartment aligned with the cutting-jet 28 without 
additional mechanical agitation. In general, each compartment is approximately 
between V x 1' and 4' x 8', and more preferably about 2' x 4'. As explained in 
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more detail below, the fluid transport mechanism 44 continuously removes 
waste-fluid 12 and abrasive particles from the compartments 56. 

Figure 2 is a partial cross-sectional view of a portion of the 
removal system 40 in which the fluid transport system includes a number of 
5 conduit sections 60 (identified by reference numbers 60a and 60b). The conduit 
sections 60 are configured in a serial arrangement to transport waste fluid and 
abrasive particles to the settling container 46 from the compartments 56a, 56b 
and 56c. The conduit sections 60 include at least a first conduit section 60a 
having a first end 62 positioned in the lower portion of compartment 56b and a 
10 second end 64 positioned in compartment 56a. The first conduit section 60a also 
has a first intake opening 66 proximate to the bottom panel 50, a second intake 
opening 68 located to receive a fluid flow from a conduit section from the 
adjacent upstream compartment 56c, and a vent 67 toward the second end 64. 
The second intake opening 68, for example, can be a funnel. The conduit 
15 sections 60 can also include a second conduit section 60b similar to the first 
conduit section 60a, and thus like reference numbers refer to like components. 
The second conduit section 60a has a first end 62 positioned in the lower portion 
of compartment 56a and a second end 64 coupled to the settling container 46. 
The second intake opening 68 of the second conduit section 60b is located to 
20 receive a first fluid flow Fi from the second end 64 of the first conduit section 
60a. Accordingly, the first and second conduit sections 60a and 60b define a 
conduit that transports waste fluid and abrasive particles from the compartments 
56a and 56b to the settling container 46. 

To generate fluid flows through the conduit sections 60, a fluid 
25 drive system 70 is preferably coupled to the conduit sections 60 to drive the 
waste-fluid 12 and the abrasive particles 14 through the conduit sections 60. In 
this particular embodiment, the fluid drive system 70 includes a fluid driver 71, a 
primary line 72 coupled to the fluid driver 71, and a plurality of branch feed lines 
74 coupled to the primary line 72. The fluid driver 71 can be a pressurized gas 
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source, such as an air compressor. The primary line 72 generally passes through 
the dividers 52 and 54 to supply pressurized gas to all of the compartments 56. 
The branch feed lines 74 are attached to the conduit sections 60 below the fluid 
level of the waste-fluid 12 in the compartments 56. In operation, the pressurized 
5 gas source 71 injects a gas 78, such as air, into the conduit sections 60. The gas 
78 accordingly rises through the vertical portions of the conduit sections 60 
drawing waste-fluid 12 and any abrasive particles 14 suspended in the waste- 
fluid 12 through the conduit sections 60. The gas 78 passes through the vents 67, 
while the fluid continues to flow through the conduit sections 60. The fluid drive 
10 mechanism 70, therefore, generates the first fluid flow Fi through the first 
conduit section 60a and a second fluid flow F 2 through the second conduit 
section 60b. 

The settling container 46 receives the second fluid flow F 2 from the 
second conduit section 60b. The settling container 46 can have a disposable 

15 drum 90 and a shroud 92 attached to a rim of the drum 90. The shroud 92 has an 
inlet 94 coupled to the second end 64 of the second conduit section 60b, and the 
shroud 92 has an outlet 96 through which a clarified fluid 16 flows from the 
settling container 46. As the second fluid flow F 2 enters the shroud inlet 94, the 
abrasive particles 14 fall downward and form an abrasive particle accumulation 

20 18 in the drum 90. The clarified fluid 16 accordingly rises to the shroud outlet 
96. The clarified fluid 16 can then be pumped beck to the compartments 56 in 
the catch tank 42 (shown schematically in Figure 1), or it can overflow the 
container 46 in flow into a drain. 

Referring to Figures 1 and 2 together, the abrasive removal system 

25 40 removes abrasive particles from at least one of the compartments 56 as the 
cutting-jet 28 moves along the cutting path P. As the cutting-jet 28 passes over 
the compartment 56b, the cutting-jet 28 agitates the waste-fluid 12 to suspend a 
significant portion of the abrasive particles 14 within the compartment 56b 
without additional mechanical agitation. The compartment 56b allows the 
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cutting-jet 28 to adequately suspend the abrasive particles 14 in the waste-fluid 
12 without additional mechanical agitation because the dividers 52 and 54 
concentrate the turbulence generated by the cutting-jet 28 and contain the 
abrasive particles 14 within the relatively small volume of compartment 56b. 
5 The fluid flow Fi through the first conduit section 60a accordingly draws a 
portion of the waste-fluid 12 and the suspended abrasive particles 14 through the 
first conduit section 60a. The first fluid flow Fj exits from the first conduit 
section 60a, and the second fluid flow F 2 in the second conduit section 60a draws 
the first fluid flow F! into the second intake opening 68 of the second conduit 

10 section 60b. The suspended abrasive particles 14 from compartment 56b are thus 
transported to the settling container 46 through the first and second conduit 
sections 60a and 60b. The clarified fluid 16 in the settling container 46 can then 
be returned to the catch tank 42 to maintain a desired fluid level within the tank 
42, or the clarified fluid 16 can be disposed of in an environmentally safe 

15 manner. 

One aspect of the cutting machine 10 is that it reduces the down- 
time to remove abrasive particles from the catch tank 42 compared to many 
conventional removal systems. The abrasive particle removal system 40 
continuously removes abrasive particles from the catch tank 42 without using 

20 additional mechanical agitators to suspend the abrasive particles 14 in the waste 
fluid 12. By continuously removing the abrasive particles from the catch tank 
42, the cutting machine 10 does not need to be shut down for cleaning the catch 
tank 42. Thus, compared to conventional removal techniques that shut down the 
cutting machines to allow the abrasive particles to settle, the abrasive particle 

25 removal system 40 reduces the down-time of the cutting machine 10. 

Additionally, another aspect of the cutting machine 10 is that it is 
generally less expensive to manufacture and operate than conventional cutting 
machines with centrifugal abrasive removal systems. As set forth above, 
conventional centrifugal abrasive systems use large, expensive pumps to suspend 


10 


the abrasive particles in large catch tanks. The abrasive particle removal system 
40, however, divides the catch tank 42 into a plurality of smaller compartments 
56 that control the fluid flow within the catch tank 42 so that the cutting-jet 28 
suspends the abrasive particles in an active compartment 56 without additional 
5 mechanical agitation. The abrasive particle removal system 40 can accordingly 
use inexpensive, low volume fluid drive systems instead of the large, expensive 
pumps. Thus, the abrasive particle removal system 40 is less expensive to 
manufacture and operate than large capacity centrifugal abrasive removal 
systems. 

10 Still another aspect of the abrasive particle removal system 40 is 

that it is reliable and does not require a significant amount of maintenance. The 
removal system 40 has very few moving components, and none of the moving 
components directly contact the abrasive particles. In contrast to the removal 
system 40, the conventional conveyor rake and centrifugal removal systems have 

15 several moving parts that directly contact the abrasive particles. As such, the 
abrasive particles can wear down many important components of conventional 
removal systems (e.g., conveyor rakes, pumps and centrifugal separators). Thus, 
because the removal system 40 has very few moving parts, it is a reliable system 
that does not require a significant amount of down-time for maintenance. 

20 Figure 3 is a partial cross-sectional view of another embodiment of 

an abrasive particle removal system 140. The abrasive particle removal system 
140 illustrated in Figure 3 is similar to the removal system 40 illustrated in 
Figure 2, and thus like reference numbers refer to like components. Referring to 
Figure 3, a first conduit section 160a has a first end 162 positioned in a lower 

25 portion of compartment 56b and a second end 164 positioned in compartment 
56a. Additionally, a second conduit section 160b has a first end 162 positioned 
in compartment 56a and a second end 164 coupled to the shroud inlet 94. Each 
conduit section 160a and 160b has a back-flush valve 69 to control the fluid 
flows through the conduit sections. Unlike the removal system 40 of Figure 2, 


11 


the first ends 162 of the conduit sections 160 have a single intake opening 166. 
In operation, therefore, the gas 78 from the pressurized gas source 71 rises 
through the conduit sections 160a and 160b to generate the first and second flows 
F] and F2. 

5 Figure 3 also illustrates the operation of the back-flush valves 69 in 

the conduit sections. For example, the abrasive particles in the first flow Fi may 
accumulate in an abrasive particle accumulation 118 in compartment 56a at the 
first end 162 of the second conduit section 160b. The abrasive particle 
accumulation 118 in compartment 56a may eventually block the intake opening 

10 166 of the second conduit section 160b. To clear the intake opening 166 in 
compartment 56a, the back-flush valve 69 in the second conduit section^b is 
closed. The pressure in the second conduit section 160b upstream from the back- 
flush valve 69 builds until it blows backward through the intake opening 166. 
The pressurized gas source 71 accordingly should operate at 70-150 psi to 

15 provide sufficient pressure to blow abrasive particle accumulations away from 
the first end 162 of the second conduit section 160b. 

Figures 4 is a partial cross-sectional view of still another 
embodiment of an abrasive particle removal system. The abrasive particle 
removal system 240 has conduit sections 260 (identified by reference numbers 

20 260a and 260b) with first ends 62 coupled directly to the primary line 72 of the 
fluid drive system 70. As such, the gas 78 rises through the vertical portions of 
the conduit sections 260 to draw the fluid through the first and second intake 
openings 66 and 68. Additionally, a second back-flush valve 79 may be 
positioned in the primary line 72 after the connection of each conduit section 

25 260. To clear a first conduit section 260a, for example, the back-flush valve 69 
in the first conduit section 260a and the back-flush valve 79 in compartment 56b 
are closed to allow pressure to build within the first conduit section 260a. 
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Figure 5 is a partial cross-sectional view illustrating another 
abrasive removal system 340 having a conduit 360 with a main conduit section 
361 and a plurality of compartment conduit sections 363 (indicated by reference 
numbers 363a and 363b). For example, a first conduit section 363a has a first 
5 end 362 in the lower portion of compartment 56b and a second end 364 attached 
to the main conduit section 361. Similarly, a second conduit section 363b has a 
first end 362 in the lower portion of compartment 56a and a second end 364 
coupled to the main conduit section 361. In operation, therefore, the fluid drive 
system 70 draws fluid through the compartment conduit sections 363 and into the 
10 main conduit section 36 1 such that a final fluid flow F f flows through the shroud 
inlet 94. 

Figure 6 is a partial cross-sectional view illustrating still another 
abrasive removal system 440 in which the conduit sections 440 (identified by 
reference numbers 440a and 440b) operate in parallel to individually deliver 

15 separate fluid flows Fj and F 2 into the settling container 46. In this embodiment, 
a first fluid section 440a has a first end 442a positioned in a lower portion of 
compartment 56b and a second end 444a coupled to the shroud inlet 94. A 
second conduit section 440b has a first end 442b positioned in compartment 56a 
and a second end 444b also coupled to the shroud inlet 94. Thus, in this 

20 embodiment, a number of parallel fluid flows are delivered to the settling 
container 46. 

Figure 7 is a schematic isometric view of another abrasive particle 
removal system 540 for use with the cutting machine 10. The removal system 
540 has a catch tank 542 with a longitudinal divider 552 extending longitudinally 
25 along the tank 542 and a number of crossing dividers 554 extending transverse to 
the longitudinal divider 552. The sidewalls 551 project upward from a bottom 
panel 550 to an elevation above the top edges of the dividers 552 and 554 such 
that the level of the waste-fluid 12 can be above the top edges of the dividers. 
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The dividers 552 and 554 may thus be baffles that define a plurality of 
compartments 556 (identified individually by reference numbers 556a-556f) that 
restrict the fluid flow from one compartment to another, but still allow the fluid 
to flow over the baffles. 
5 From the foregoing it will be appreciated that, although specific 

embodiments of the invention have been described herein for purposes of 
illustration, various modifications may be made without deviating from the spirit 
and scope of the invention. For example, the fluid driver 71 of the fluid drive 
system 70 can be a pump or an impeller instead of a pressurized gas source to 

10 drive a fluid through the primary line 72 and feed lines 74. Additionally, the 
removal systems could also be used to remove other solids from a catch tank 
generated by abrasive or non-abrasive cleaning and/or cutting operations. Such 
additional applications may be separating paint chips, dirt and other solids from a 
catch tank in ship cleaning, building cleaning and many other cleaning 

15 applications. Accordingly, the invention is not limited except as by the appended 
claims. 


